S100B is an astrocytic calcium-binding protein which has been proposed as a biochemical marker of brain damage or dysfunction in acute and chronic diseases. We investigated whether serum S100B levels could be related to systemic lupus erythematosus (SLE) activity. Patients were grouped as having inactive SLE (ISLE), active SLE without central nervous system (CNS) involvement (ASLE), or active SLE with unequivocal neurologic or psychiatric manifestation (NPSLE). The control group consisted of age-and sex-matched healthy blood donors. S100B levels were determined using a luminescence immunoassay. All SLE groups had higher levels of serum S100B than the control group. Among the SLE groups, significantly higher levels of serum S100B protein were found in the NPSLE group than in the ISLE and ASLE groups, and there was no significant difference in S100B levels between the ISLE and ASLE groups. These preliminary results point to a putative relevance of serum S100B protein levels in SLE patients, specifically concerning CNS involvement present in this disease.
Systemic lupus erythematosus (SLE) is a systemic autoimmune disease characterized by the production of a variety of autoantibodies, several biochemical abnormalities, and involvement of multiple organ systems (9) . The involvement of the central nervous system (CNS) in SLE, causing neuropsychiatric syndromes (NPSLE), is one of the most serious complications of this disease. The NPSLE can vary from mild forms, such as headaches or mild cognitive deficits, to severe states, such as cerebritis, vascular accidents, or psychosis. Recently, a significant positive association of levels of serum antibodies against the specific astrocytic protein glial fibrillary acidic protein with NPSLE was reported (16) , suggesting a neural involvement in its pathophysiology. S100B is a calcium-binding protein expressed and released predominantly by astrocytes (5) , and its neurotrophic and gliotrophic actions have been implicated in development and maintenance of the nervous system (2, 4). Furthermore, elevated levels of S100B in cerebrospinal fluid (CSF) and serum could indicate astrocyte activation or blood-brain barrier dysfunction, which allows its study as a marker of CNS injury in some acute and chronic diseases, including brain ischemia (8, 23, 24) , brain hemorrhage (3), multiple sclerosis (11), Alzheimer's disease (2, 17) , and schizophrenia (12) . Accordingly, we previously have demonstrated that serum S100B levels are elevated in patients with human T-cell leukemia virus type 1 (HTLV-1)-associated myelopathy or tropical spastic paraparesis but not in asymptomatic HTLV-I-positive patients (21) . The present work was performed in order to investigate serum S100B levels in SLE patients with and without CNS activity.
MATERIALS AND METHODS

Subjects.
We measured serum S100B levels in 32 SLE patients monitored at the Rheumatology Service of the Hospital de Clínicas de Porto Alegre. All patients fulfilled the American College of Rheumatology (ACR) (1) criteria for SLE. Patients were grouped according to the clinical presentation, laboratory findings, and SLE disease activity index (SLEDAI) as having inactive SLE (ISLE) (n ϭ 13), active SLE without CNS involvement (ASLE) (n ϭ 13), or active NPSLE (n ϭ 6). Neuropsychiatric pathologies (defined according to the ACR nomenclature for NPSLE) were stroke at least 2 weeks before S100B analysis (n ϭ 4), transverse myelitis (n ϭ 1), and chorea (n ϭ 1). None of patients showed signs of hemodynamic instability, infections, or renal or hepatic failure. Fifteen samples from age-and sex-matched healthy blood donors, collected and stored under similar conditions, were used as a control group. This work was approved by local Ethics Committee of Hospital de Clínicas de Porto Alegre, Porto Alegre, Rio Grande do Sul, Brazil. Informed consent was obtained from patients and controls.
Experimental procedure. Blood samples (5 ml) were collected without anticoagulants by venipuncture. Serum was obtained by centrifugation at 3,000 ϫ g for 5 min and, soon afterwards, kept frozen at Ϫ70°C until analysis.
Levels of S100B protein in serum were determined using a luminescence assay (LIAmat; BYK-Sangtec, Broma, Sweden), as previously described (12, 21) . The samples were measured in duplicate, and those with a coefficient of variation of above 10% had their measurement repeated.
Statistical analysis. Comparisons among groups related to age and time course of disease were performed by analysis of variance. Post hoc analysis was performed with the Tukey test when necessary. Comparisons of SLEDAI mean scores among SLE groups and of serum S100B levels among all groups were performed by Kruskal-Wallis analysis of variance followed by a Mann-Whitney test when necessary. A P value of Ͻ0.05 was considered statistically significant.
RESULTS
Clinical and demographic data are shown in Table 1 . There was no difference in age among groups (P Ͼ 0.4) or in the time course of the disease among the SLE groups (P Ͼ 0.2). The results show a significant difference in SLEDAI score among SLE groups (P Ͻ 0.05); higher values were found in NPSLE patients, followed by ASLE and ISLE patients.
Serum S100B levels in all groups are presented in . In addition, among SLE patients, serum S100B levels were significantly higher in the NPSLE group than in the ISLE and ASLE groups (P Ͻ 0.005), and there was no significant difference in serum S100B levels between the ISLE and ASLE groups (P Ͼ 0.5).
DISCUSSION
The present work preliminarily demonstrated that serum S100B levels were elevated in all groups of patients with SLE compared to the control group. Furthermore, among SLE patients, serum S100B levels were increased in patients with active SLE with CNS injury compared to SLE patients without brain dysfunction manifestations (ASLE and ISLE). It has been extensively demonstrated that in brain ischemia there is an increase in serum S100B protein levels (8, 23, 24) , which may be correlated with the extent of brain damage (7) and could predict the early outcome in stroke patients (24) . In our study, four patients in the NPSLE group had stroke at least 2 weeks before S100B measurement, suggesting that the observed increases in serum S100B levels in these patients were related more to SLE than to the stroke event itself (24) . The other NPSLE patients, with transverse myelitis and chorea, also presented clearly higher levels of this protein in serum. Although there was only one case of myelitis in this study, taking into account our previous finding that S100B can be a marker of a chronic myelopathy related to the HTLV-1 retrovirus (21), the putative role of S100B as a marker of acute myelopathy emerges as a point to be investigated. Besides the evident neurologic lesions observed in these six patients, another factor that could contribute to increase the content of serum S100B is the astrocytic immunological response in the CNS, characterized by cytokine release. Accordingly, it has been shown that CSF S100B levels are increased in multiple sclerosis (11) , which is an autoimmune disease with primary CNS involvement, and that interleukin-1 (IL-1) and IL-6 are increased in the CSF of NPSLE patients (20) . Moreover, IL-1 in vivo is known to induce astrogliosis (19) , which could be related to the increased expression of S100B reported here, leading to dystrophic neurites and calcium-mediated neuronal cell loss (10, 19) .
In our study, we observed that serum S100B levels were increased not only in the NPSLE group but also in the ISLE and ASLE groups compared to controls, which was an unexpected result, since there was no evidence of neurologic involvement in these patients on clinical and laboratory evaluation. Based on previous literature findings, we offer two hypotheses to explain these results. First, it has been demonstrated that SLE patients without previous neuropsychiatric events frequently have cerebrovascular lesions as observed in magnetic resonance imaging (10, 14) and in single-photonemission computed tomography (15) . In addition, in another study, not only was the neurometabolism measured by proton magnetic resonance spectroscopy altered in patients with active or prior major NPSLE, but also some grade of alteration FIG. 1. Serum S100B levels in patients and control groups. Serum S100B levels were significantly higher in NPSLE patients (f) (median, 0.41 ng/ml) than in ISLE patients () (median, 0.21 ng/ml) and ASLE patients (ࡗ) (median, 0.16 ng/ml) (P Ͻ 0.005 [#]), as well as controls (F) (median, 0.11 ng/ml) (P Ͻ 0.0001 [ϩ]). Moreover, the ISLE and ASLE groups showed higher S100B levels than controls (P Ͻ 0.05 [*]). Horizontal bars indicate medians. (18) . Furthermore, some authors suggest that serum S100B levels could be a more sensitive marker than imaging methods in certain events of brain damage (6, 7) . Whether subclinical involvement really account for our results, magnetic resonance imaging and single-photonemission computed tomography studies could be useful to clarify this point. Second, it is known that corticosteroid therapy affects astrocyte parameters, such as glial fibrillary acidic protein and glutamine synthase expression (22) . However, to our knowledge, steroid effects on S100B expression were reported only in vitro (13) . Nevertheless, in our study, all patients from the NPSLE and ASLE groups were undergoing corticosteroid therapy, whereas in the ISLE group (which also showed increased S100B levels compared to controls) only 38.5% were receiving prednisone, so corticosteroid effects on astrocytes by themselves probably could not account for all of the results observed. In order to confirm the effects of corticosteroids on serum S100B levels, it will be necessary to perform studies with patients undergoing chronic corticosteroid treatment and with an evident absence of neurologic involvement, such as rheumatoid arthritis patients. These preliminary findings need additional investigation in order to clarify whether the measurement of serum S100B protein levels could be a useful and complementary tool in the evaluation of CNS involvement in SLE patients. Since 19 neuropsychiatric syndromes in SLE have been recently defined by the ACR (1), further prospective trials, involving a larger number of patients with different forms of NPSLE and non-NPSLE manifestations, are ongoing in our groups in order to address many fundamental questions, such as predictive and prognostic value as well as correlation between disease activity and serum S100B levels.
